INTELLECTUAL PROPERTY ORGANIZATION 
PCT WORLD INTELL ^^^^^^ 



H04J 3/02 



(11) International Publication Number: 
(43) International Publication Dste: 



WO 92/04787 

19 March 1992(19.03.92; 



— ■ T pcT/US9 1/03 155! 

(22) International Filing Date : 



(30) Priority data: 
V 577,219 



31 August 1990(31.08.90) 



. i. j r • PCT Intl., I" c '> 0/0 ?■ 
f7«A«Mtt= WINTER, R' cha 'i tic InKrMtional Coordin- 
^Communtat** jR^J*}^™, Pleasant Avenue, 



(European patent), GB ^"^JL/jp L u (European 




nh or a failed node. A logical , 

tion" l a!nc ovw the logical rin ^_____ — 



applications u 



FOR THE PURPOSES OF INFORMATION ONLY 











ES 




Barbados 


Fl 


Finland 


Bel e i um 


FR 




Burkina Fax, 


CA 


Gabon 


Benin 


CB 
GN 


United Kingdom 


Brazil 


CR 






HU 


Hungary 




IT 
JP 


Italy 




KP 


Democratic People 




KR 
LI 




^•ehoslovatb 


Republic of Korea 
Liechtenstein 


Sm any 


LK 
LU 


Sri Lanka 
Luxembourg 




MC 


Monaco 



MR Mau, 



Madagascar 
Mali 

Mongolia 



NO No 



Malawi 
Netherlands 



Poland 
Sudan 



Chad 
Togo 

United States ofAmeri, 



3t6S 0f the fo "ner Soviet Union. yet known whether 



£ ^ PCT/US91/03155 

WO 92/04787 

- 1 - 

SELF-HEALING MESHED NETWORK 
t^SlNG LOGICAL RING STRUCTURES 

C^^^^ which is assigned to the same 

The following U .S. appU concutrently theie wi.h, 

5 assignee as the instant appl.cat.on ; and - , f ^ Arrangcment To Pro vide 

contains related subject matter: A ^ } Sosnoskv (Cas e 1). 

A Protected Ring Interconnect , Sertal N 

FjeJii-OiUhjLlaseJl^ , eenerally to a communications network 

XZ^^^ "two. using .ogica, ring 
10 and, more speciticany, iu 
structures. 

^xmm^^^^. twolk is made up of nodes that are 

A ring Xrelmunications path. Each node 

connected in tandem by a un.d recuon^ ^ ^ ^ . f ^ 

15 reives «»»»^»' ft ™ * , J wnstr eam node, the communication is 
communication is destmed for a d ° otherwise, each node 

r e..ransmitted to the adjacent downs, earn „ eam node . 

transmits its own communications tc , e adl en ^ ^ ^ ^ 

A drawback of such a n- k ts ^ , ny node 

20 prevent any th e complete failure of a node would 

downstream of the oreaK. 

have the same effect as a break m to these 

Many designs have been p opose ^ ^ 

difficulties. The most common approach p ^ ^ ^ ^ ^ ^ ring 
25 communications ring parallel to . tions to the second ring. 

could be bypassed by — I th e opposite direction as the 
Alternatively, if the second nag « mM be rem ed,ed 

first, a break in both rings ^^'^ b ack communications 
by the nodes on either side of ,h. br ea lo op ^ ^ ^ in 
30 received on one ring onto the other ^ 
McNeilly e.al.U.S. Patent No. 3,652.798. 
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—rs and receivers wi(h ^ al£er „ *^~,y reconnect 

An approach that a|Je 8- implicated and costly. 

« as the present jnvent . - 83 ^«. wh ,c„ is assjgned (o 

«*»d for ring c 0mmunications E n ac L ;;-; raultiplexed 

-""Wpl.xta, the main signal ^ '* n ° d ' cap ability of 

<nan„e is destined for that B ' od .^ " n "7«" "*»«.. ( cha»ne Is) , and 
10 e ""P»«« within the node wh 7 ' ™ to »«W 
channel ar e .^^T^ *» 

Pr °«" * •imnh.n.on.ty performed doWn ^a,„ "ode 

- d e for a second ring tra „ j it ;^;; e -; S e quipment in [he - 

detects a fauI , in an ia » = "PPos.te direction. If . node 

Canneis folIowing th£ „.„,„« ^ «™ ^.1 U p,aced on a„ of the 

-dement o, Lan ceases func,^ ^""f f f °"° Win8 ' f * U "- 
«<■"««. co mnlunications am »« " » «»« .f the ring is breken _ 

Por this reason, , he ma '£Z^ ^"'^ such a 

t s.nce it n or m al Iy operates as a" " but L ; U a hybrid 

a "rit: ,he ring ° r the ,o - ; - -r. not opeme - * 
^^erre,a,e^i:;;LT;; 0 :; d m ";^; n ; e ^ 
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erected from breaks in each 

the w Iin8 , eve, *. ^ ;;:;: ctlonal path ^ *. 

rin g, an outage in either ring to th . other, 

communication path from one of ljngs to carry multiped 

Fr om .he aspect o the cap ^ communication among different 
5 signals, it must b. po^d cut th (raff jc . caIryi „g capacity 

nodes are multiplexed to on.y one g ^ when ^ happens> 

(bandwidth) of this signal can be re, y ^ M 

increasing ring capacity is cost y » ~»P ^ ^ same iate , which 

adjacent nodes as weU as al> nod s h ^ 
10 has to he chosen to This is costly. Another 

communication, requirement among Syn chronizat,on of 

multiple rings are interconnected. 

15 tom***^^^^ • es as well as other limitations and deficiencies 
These shortcomings as w . tion b y configuring a 

„. ohviated in ^^tch having the same se,f-healing 

p ,uran,y of hyhrid ring on cross-connec, nodes 

with a number of mterposed ADM ^ ^ 

which route incoming subrate eh.« ^ ^ ^ ^ ting is 

25 channels on outgoing paths on * ° , he segme nts and 

formed from a cascade of prede.erm ned o. ^ ^ ^ ^ ^ y ADM 
pr eselected ones of the ° ADM on a given !ogica, ring. To 

node can communicate w.«h any o her A ^ manag ement node 

r eco„fi g ure the 2^.. and may issue reconfi.ratton 

30 communicates with the cross 

commands to the cross-connec, nodes. 

35 arrangement for the non-protected 
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networks; 

s 4 and 5 are block dta. cro «*~»«e« nodes- 

.T"' °f WO. 3 o r ra m ; h 0f ^"connection' 

" e,Work «- 0rra0,herSetso f'° g -aI hybridring 

B Prior Art 

by Lau (4, 8 35. 763 , „ first ' M>rid ring „ etworlc as discl 

Should be made to , he Lau . of th <= Lau paten, and reference 

bussed herein. With r eferen ce ° f 1 not further 

controUers l„ and ,„ ™. 1, node , com pr ises 

"«> *>* 101. which carrie Vcl"* C ° n,r °" er " <™ 

controller 1 18 is connected „>f ciockwise direction, a„ d 

* counterclockwise direction n ^.'T ^ «"»-* - • 

channel, each J^Z ^ °" "* 

» ^"elected pair of basical,, , , s ^ to communications betwee 
receivers ( „ ot s ho ^ ^^ *«* -de feeds three 
3 0 110 T -Pec t ive ly , as i„ puI «" ° f « -ve ,i„es I04 , 

would be exJaaerf nne ' ""^S COm ">""'«tio„s between no. , 

iracted from rine 101 h„ ween nodes 2 and 1 

o„ ring 10]) , and S e„?, 0 s , t on ;;: ,ler 117 (b > „ 

"tract the associated chV nn el 
-er ,i„e 103 . SeIec , or , »»• •« n Bg ,00 and send it to selector „ 9 
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, , <hown) would transmit two identic, signals destined for 
A transmitter (not ™ one ,„ controller ,18, for reinsertion ,n«o 

node 2, one to controller 117 ana on 

the respective loops comm unicatio„s between nodes 3 and 

Chann d e;^ Z d I to" M operate in a similar manner utilizing 
5 1, and between nodes 4 ana , „ u7 and 118 then multiplex 

sectors 120 and 121. respect- y. — (hree through channels . 
the three channels originatmg from node 1 )<)ops 
and transmit the resultant big er , eve gn ^ ^ ^ ^ 

both paths being continuously active. _ ^ ^ ^ ^ 

Wh ;:d\T: d rd arrangement of control and 

:i;irr:;l^e reU so as to preserve communications paths among 

15 all of the nodes. depicts the manner of 

The arrangement shown rn ma ster-m aster relationship as 
interconnecting two interreiated '<*«»*£™*%«™~ ■«~» to >° 
disclosed by ,au ; the ^J^™"^ — — ^ " , 
and 20, respecttvely. Each ^nng ^ a „ angement 

20 nodes 30 and 31, respecttvely. In turn exponents are 

of two controners U and !2 an ^^ecJban* * 
basically the same as controUe 1 ^ by unidirection a, 

node 1 ofl.au. Node ! 3 3 ^ ^ a ^ _ pro d 

25 irLtrr-nybrid w . ~» — — * — - 

paths UnHng the master * — in 

FIG . 2 of no^O is 1-d to below as an ADM < A dd- D ro P Multiple^ 



node ' Present Invention 



rrezeiu »- 

An illustrative embodiment of one =; f «be presen , 

mention is depicted ----- « ^ Imposed of two 
four hybrid rtng segments 301 ^ 3 ^ ^ ^ rate ,„ 

unidirectional symmetncal paths, ADM nodes .„ operating 

35 opposite directions, and of a num ^ ^ case 

at the same rate as the s.gnal, ; ^ Lu.ir.c-on.1 paths, i.e.. there are 

wherein the segment only comprises tw 
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no ADM nodes present ) Fn • 

centals u„ idirectional pa(hs « 311 ;^- Sun.Urly. segtnen, 304 

, >»■ A.. ADM „ ode s „ perate ex c y a IVV: 1 ' " A ° M 31, and 

No. 4,835,763. A S e gment „ refer ^1' ^ " ^ ^ ""•»« 

, £». a hybrid ring in the sense d J o ^ d ; b ;, belo », the cascade 

'» °PPos,,e directions wjth . n b, 763. The , w „ signals „ 

«bra,e channels (also Ie(e[Tcd » »"mber of multiple, 

»b» te cha„„e, s ca „ be different f :; ; a ; h h nnek be,ow >- number of 

-ermine on , cross . connec[ £ segment. Eacfc of a segment 

=r nod . on which each of .^LTCe-:;:;;^:: 330 - 

- S s-co„„ee t „ ode accesses a J t ;;;2;; d po-*], aI a different rate 

(e.g. by de multipI e Xing J J. 3 e m Cha "" eIs th. ternUnatea 

channels). I„ addition « * e »«■"»« «»Wpta, 4 suhrate 

20 ; h ° nneC ; n ° de in * P-^ t e rmio e d P ;a n t ~ ««™ by the cross . 
Channe,S) - A S-e„ incoming channels cro ^ SWUChin * ">e snbrate 
-going cha„„ el . (0ne reaL.ion of ""^^ «o only one 
; h 0 ; T «*»«- e TR.^J^T^""'- »- " -« forth in 

by reference. The materials " 
covering an array of f ealures and J"'^ d0CUm "» " "ther extensive, 
arrangement. The present Lit t0 th = basic routing 

— » -sferrlg ^ZE^T « - *• -pa^es 

Preassigneo ma n„e r .) Under PU< Subcha —^ in a 

connection, wi, hin lne crQ ^ ~„s •« snhrate ch.nnel 
»•« before the fa „ ure occ U „e d c"' *" main,ained " *V 

hybrid section process at the ^^T" ""^ °» "«»' 

- — A c ~;r:,r;::r;; rj - - - 

«■««' 311-1 destine, for „o de 3.9 w.,^, ^ n ° de 3 " 

■d=nt,c aIIy lnt0 s„ b ch a „„ el s 3011-1 „ d 



25 



30 



£ £ PCT/ US9 1/03 155 

WO 92/04787 

- 7 - 

■ naths 3011 and 3012, respectively. At 

3012-1 of the signals P-^aung °n p* 30lM is conne cted to subchannel 

j~ nn subchannel ju 11 1 
thB cross-connect node 320. . ^ ^ simjlarly _ cross . co nnec. 

3041-1 of the signal on path 3U o{ the signal on 

node 330 connects subchannel 30 - 3041 ., and 3042-1 are 

5 path 3042 via link 330-.- A. -od. * * » ^ , standard ADM 2:1 

dropP ed from paths 304! and 3042 p to be 

selector (no. shown) chooses the better ^ ^ ^ node 

dropped as signal 319-2 leav.ng 3 munications path s, both paths being 
3 „ to node 319 has two redundan at node 319 and dropped at 
10 continuous* AUo. ^ , sim „ a r manner, and aUo has two 
node 311 as signal 311-2 opcr 

redundant continuously active paths. be(ween any ADM 

Similarly, redundant eonam ^ mD J 3lt . 3l9 on segment 304 

nod es 3U-3X3 ™»rZ£«£*™* •"»«■"»' aSS °T ted 
15 would be provvded by asstg ^ ^ by cross . conne ct 

subchannels on segment 304 m associa ted cross- 

nodes 320 and 330. These , ljng as show „ by the 

connections through ^Ipo-d of segment 30!. cross- 

-outer" ring m FIG. 3, nameiy, rnnnec t node 330. (Asa 

20 connect node 320. segment 304 an Ascribed is referred to 

shorthand notation useful later, the outer n g J ^ ^ as 

by 30.304. i.e., by - — ; IZ Z -d suggested 

a Hogical ring" as disnngu.shed fro. P J n ^ ADM nodes 

in the prior art. Redundant communtc , ^ ^ Mn 

on the same segment (e.g. between nodes 311 

be provided similarly by ** **£™ hM ring com prises a series of nodes 

A conventional phystcal hy ope rating at a 

connected in tandem and ^-■""^ ind J en dent 
fix ed rate. A logical ring is composed - ^ Thes£ 

segments, each segment contamtng ^ more C ross-connect 

segments are linked at the ^""^^^ c an have a different 
nod es. Each segment can op.»» - ™ b „ „ f subrate c hanne,s. 
signa , structure and can cont am a^^ .«« ^ f „ 

Each segment can also use a dtfferent typ 

example, copper, optical fiber or radu. ^ ^ provides 

Like a conventtonal phystcal hy ^ jn a 

■ between two nodes residing on u m the 
communications between 
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"Wen. between any two nodes or f ailure of . 

• —connect „ ode Under of an mtermediate „ ode 

All ADM „ odes also operate exactly as d, k N °' 4 ' 8 «.763. 

5 : i,hOUt «"< "--I. are se.ected ve ', ^ " *" »»<*.„„.„ 

However, even under such ' "^annels w ith error 

-ss connect nodes be(ween - «»■ ns no selection takes pIace „ ^ 
associated subchannel with a valid , , " Signtil ™* an 

ADM nodes where the s.bchan e,s T de ""I' " ™° ^ *. 

10 s '«"als. "" eIs " e demult.piexed from higher !evel 

To explain this overall f„„...- • 
»PPo»d .h« one of the ADM „ e^ " ' ^ * * 

of a segment between on segment 301 „ r 304 „„, 

between nodes 3„ and 3 L wi, be t ^ C °»—"icatio„ 

"°des 31, and 312. error signals wi b 301 iS cut "e.ween 

'ooa-ly originated ones, within L T ^ ^ ^ * """*-"«. ««Pt 
Parttcular, subchanne! 3011-1 leavinl , * """^ 311 and 312- In 

-channel 3012. leaving J£ ^ - «* -"nave an error signal" but 

° C ° nneCtions th -„ gh nodes 320 and 3 r r dSi8nal - Cr °- 

:r ~- — „o, dating: ; ri: affected b — « «- 

and a subchannel with a valid signal Th S k UbChannel wi <" an error sig„ a , 
»" -ect and drop a valid signal erl embedded « «°de 31 

"ode 3,1 ,o node 3,9 via the Path i^, I from 

Tom 33 . 0 ' Md Path 3042 <»"*™ «1 3 » T . 3 °! 2 , (SUbCh — 30,2-1), 
from node 319 to node 311 will be m, S ™>larly, communication 

(-bchannel 304,-1, „ ode J' b * ^""a-d via path 3041 
J ' noae 330, and path 307 1 <-c u , 
If part of a <e<rm > u Subchannel 3011-n 

3Q "Ode 320 Cbecau'se ^^i^ ^ "* ^ «• 

30 """"P'exed signaIs) wi „ ,n ;° m '"H -Stents to detect loss of 

o" 301, frora node 312> a r;; .« ».,*.„„.,, , eceitcd 

outing subchannels exactly as ,1^2 ^""" "> ° th » 

N ° d < 3,2 acts as an ADM node w oul d ' MUre ° CCU " ed - 

-de 320 in this case _ fajls W °; '«*.n an ,„co m i„ g signa] , 3QI2 

35 :r al from node 3 " anting o„ 3 2 ;; n node 319 win sete <«* 

0 Similarly, communis bett [T T "»»« on 
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,„« one cut occurs or one of the cross-connect 

failure condition. of this aspect of the present 

The simpl^y and * r bchannels within the four segments 

Mention becomes ap , ren wh« i ^ ^ ^ 

in p,o. 3 are eon. ^ect d t eon* ^ i|nj comprisrog 

10 FIO. 3, FIG. 4 and FIG. 5 FI °- croS s-connect nodes 320 and 

330 via, for example, Imkt 3 [ion of two particular 

respectiveiy, which represent the » tt «« n » ADM nodes 314-317. 

subchannels. Signals on this - four segments an d two 

,5 Other logical rings that can be conf.gu ^ In FIGS . 4 and 5, the 

cross-connect nodes are dep.c.ed m " „ collec , ive ,y rather than 

link s in each cross-connect node a ^ inte rconnecting four 
individually. For *™<*£\£^ tmti ,„■„, reference numeral 320-4. 

301*304 discussed with reference to FIG. . example,, the cross- 

Each segment o = -^"^ signals if the 

25 connect nodes may be implemented P 

segments operate with synchronous (he transmissio „ 

A ,ogical ring may use only a P°«* rts of 

capa ci,y mailable on -«* » « 

iogical rings to overlap and share ava,!a ^ ^ (m 

30 segments. Such an arrangement could, ^ occur ^ 

a major upgrade/modificat.on ,n a phys.ca " « : ,„ 

subchannel assignments « " ^ ^ n0 L 311 and 312 can be 
HO. 6 . redundant commun : at. ; H S » ^ 

obtained by using log.cal rmg 301 3 ^..wi,., 
35 capacity of segment 302 ^ ^^"^ ring 301*303 and/or logical 
requirements between nodes 311 ^ and . sjgnals 
ring 301*304 can also be used. In FIO. . 
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31J -1. 311-2 and 311-3 enter node 311 Th u 

°" t0 P3th 3012 » *. three subcnan ls 'T "S^'* »""*>■«.- 

respectively. Cross-connec, node 33^ ^ ^ 30.2-2, and 30,2.3, 

se , ments so that su 33 ; nfi ^- d '<• f«-o Ut SUDChannels t 

5 i,nfc 330 " fi . —hanne, 30,2-2 is con ne c „ " '° Pa ' h 3022 »» 

3 01 2.3 „ tr a nsferr ; ~;° p** 3 ^ v ia , ink 330 ,, and 

»e -bcha„ n e,s fan-in from segm e„L 302 304 M °* At n ° d <= 32 °- 

^ Prop agatio „ over path ^ ™ ™ 32<M 320-8 

""going signais 3,2.,, 3, 2 .2, and a^T.?^^ "° *" dr ° PPed " 

- ;t p :;;;:r;r on h - - 

can be generalized , Bments and two cross-connect nodes th. a 

generalized to encompass whatever „h, ■ . , description 
»nnec, subchan»e,s between segment ,re USed «° 

« P'-.ity of cross-connect no s ZlT"^ ' im °"" »""»*. «- 
»ea,in g logical ring ,„ , me = * " . rat.on of a generalized se,f- 

nodes are now depicted by a cirCe syl m ? ' Wh «° ADM 

™ fonn such a ,o g i ca , ri „ g ult« e c o " eXan,P)e - "° d " ™ - 

which provide the necessarj J**^! " n ° deS ?2 °' 730 - 740 

20 ™ 72 °" 1, 73 °-'- C ; 0 "- C0 ; neCti0 - ^ow„ conceive* 

20 701 " 1 " "ode 70, can be dropped " , inC ° mi "g ^na, 

exhibited logical ring. " ' " SIg " a ' 707 " 2 « "ode 707 via the 

^ ^P^cial case nf 

-sments 8 „. 8I6 are i„ t crc„„;;:f e r 0 r; nnectio " is ^ * ™. «. & 

«■><■ «S. Thi s is . specja] "«' ed -OSS-connect nodes 821, 825, „1 
25 "ybrid rings (name.y, a f rst ' ^ ^ tW ° P"^. stand-a one 
section of segrJn't ,S £ Z 7^, 2 ** — * 

•»«• «5 ; and a second ring origin.,, * * h °»' """posed nodes 821, 825, 83, 
-de without the interpose 7 o /cln " 8 " *" d 8 ' 2 *» 

-o segments by the insertion olZZ ^ P "««o„ed 
30 «5. The i ntr0 d uction of the « -onnec. nodes 821, 825, 83,, and 
"^connection of two origi„ al u " ' " * ^ the 
'"•o a genera, «.f-,, e ., in ,'"2r k aUt ° n0m ° US P"^" 

u —s route i'^^T..'."---- «.. cross-connect 
« assignment could be the r^U otl ^T ^""^ n " 

- ,e basis of desired .ogica, ring »' ^ connect nodes 

—-""on of the iogica, ' a ^\ J'™' ^ 



~ basis can be 
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rie 900 as depicted in FIG. 9. (This figure ,s 
effected with management node 90U ^ ^ re£erence 

numeral of FIG.. 3 are used fo r 1*. - 

manages each cross-connec, : no* . »-.P ^ ^ „ „ odes 33 0 and 
5 over data communicat.on channel onnecting management 

3M . respective*. Another be to directly ltak a subset of the 

„„de 900 to the cross-connect nodes w ^ ^ ^ ^ 
„oss.connec. nodes with data — ' manage men, information to .he 
logi ca> rings to indirection^ ^ The information al ,ows 
10 eross-connec, nodes not subchan ne1 assignments among 

for node 900 to admims.er and coord, ^ ^ imple men,ed to ,sue 

the various cross-connect nodes anc . ^ ^ routing cha nges 

eommands to the cross-"-"' rsco nfigure the iogical rings. 

in tne cross-connect nodes .n order to ^ emb odiment ,s 

It is to be understood that th t inv enfon . 

15 simp,, mustrative of the f**J» ? T hoS e sUiiled in the ar, which 

Other embodiments may be read y dev. » ^ ^ ^ ^ ^ ^ 
may embody the principles ,n sptr.t and s P ^ ^ ^ „ 

Jerstood that t he but may assume other 
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What is claimed i s: 

5 each „f •„ 3 " ra " ty ° f h J"**< rin, selj """^ com P^i»g 

h of sa,d -~ -o Pagating m :c:«; r ra,ins at 

in c„ lu sicai ring as a cascad* ~e , se fiments to 

rr and preseiected ° n « ° - < predete ™ i - d •».. „ f 5aid 

each of th«» a n*< ld cr °ss-connert 

no des to the other ADM ;« " «, thereby 

2. The circuit™ „ • Jo ^ lcaI "ng. 

— of said rates are different ; u "^ •« »«.«■ in claim , wherejn « t jeas( 

a w » ; ecited in c,aim ■ 

M»« each oo apo Z™%£ • Plur aIity 

««tay co mprising add - d -P multiple, (ADM) node H he 

r - nn ec;::r:::::;:;;:;---- d ~- - of said 

•»«>»»« one of said se gm J,™l7 " ,d sub *anne.s fa,* 

nod - *» - of sa , r::::;;-;- «* -« — 
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• . „„e of said segments to an outgoing one of sa.d segments 
fto m an incom, go- f ^ ^ propagation over at le as, two of 

so that satd subchan s r P ot , he logic a. rtngs. each 

said outgoing segments to cont g ones of said segments and 

, ogica , ring -^^^r-. «h«b, coupling each of the 
5 preselected on. of ~« ™ ^ of ^ logical tings . 

AD M nodes to other ADM ^ ^ ^ ^ fi further 

prising a managed node, coupled to a. ieast one of said ess-connect 

pairs of unidirectional communication 
multiplexed subchannels, interposed in at least some 

add . d ro P ^"^..L.., communication 

of said pairs, the «^^.^.° fcIBl . B a hybrid ring segment. 
15 paths with any said interposed ADM 

and -„otina ^id segments and said pairs 

without ADM nodes, each of sa.a or segments or of said 

routing said subchan„e.s from an mcomm « » ^ ^ of said 
20 pairs without ADM nodes to an outgo* one of a,d g ^ 

p ai rs without ADM nodes to -^"^ ^ ° "pa rs without ADM nodes 

and preselected ones , of . ^ to Hng 

t „e ADM nodes to the o.h ADM ^ ^ ^ ^ g ^ 
" comprising a managelentLde. coupled to at ^ one of said cross-connect 
nod es, for configuring aU .said hybrid ring, the 

circuitry «o»P**« Qf ^ dng segments each propagating a signal 
nodes including ^ demult|plexing ea ch said signal 
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P-pa g a t e said corresponding ones J"*"' °"" ° f "id Segments tQ 
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